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INTRODUCTION
Belonging to Euphorbiaceae family, the genus Hevea, native from Amazon region presents 11 species, and its main historical-commercial representative is the Hevea brasiliensis (Wild ex Adr. de Juss) Muell-Arg. Its domestication started about 130 years ago (Gonçalves et al., 2006) , although the interest in studying its cultivation within the state of São Paulo -southeast region of Brazil -aroused only in 1951 when the country started to export rubber (latex) again. Its cultivation success in the State of São Paulo -where the edaphoclimatic conditions are very different from the Amazon region (its original site), required the application of genetically improved plants as well as the test of several cultivars, such as the ones which are being studied here. There are not many works within the literature which approach the studies of rubber trees by using remote sensing techniques. Nandris et al. (1985) , when utilizing near infra-red, aimed to verify the damages caused by the parasites of rubber trees' roots in Ivory Coast. Suratman et al. (2002 and 2004) , by using TM/Landsat images, aimed the attributes modeling -such as the volume, area and age -of rubber tree plantations in Malaysia. There are even other works which studied the spectral behaviour of genetic and environmental variations with species of the same genus as well as with different phenotypes of the same specie, as observed at Castro & Sanchez-Azofeifa (2008) and at Martin & Asner (2007) respectively. Using the ProSpecTIR-VS sensor, the same one that is used in this research, Ustin (2008) held a pioneer work on the senescence recognition of Pine's different species. The application of field spectrometer -in order to compare and validate the spectral data obtained by imaging, and considering that there is, in these cases, influence of canopy structure, leaf angle, ligneous material and soils -is a recent accomplishment by Clark et al. (2005) and Asner & Martin (2008) , done with species of tropical rainforest. However, nothing with this approach was found in the literature for the genus Hevea. Using hyperspectral images from the ProSpecTIR-VS airborne sensor as well as leaf measures taken from the ultraspectral ASD FiedSpec-3 Hi-Res spectrometer, the aim of this research was to verify the remote detection potential of the changes suffered by the clones late in the autumn with the drop of all: average rainfall, average temperature and photoperiod. Indirectly, we also analyze the ability of the data to help discriminating the clones at two dates in autumn.
MATERIAL AND METHODS

Study area and object
The study area is located at the coordinates (central) 22° 47' 52.31" S e 47° 6' 26.95" W, at 590m above the sea, at the University of Campinas experimental farm in Paulínia city, in the State of São Paulo, southeast region of Brazil. It presents 1,972.0m², occupied by two stands of the PB235 clone, as well as, one stand from the GT1 clone (Figure 1 ). The climate for this region is characterized, according to Koppen classification, as Cwa -mesothermal with dry winter. Its soil is characterized as Latosolo (Oliveira et al., 1999 Those three stands of the study area were projected with eight trees each line, 3.0m spacing between trees, and 7.0m line spacing, totaling 40 individuals for each stand. They were planted in 1988 and nowadays they are in maturity. According to Gonçalves (1998) , the PB235 clone is a secondary Malayan clone, which is a result of the primary clones crossing -PB 5/51 x PB S/78. The adult trees reveal a homogenous branch formation, and the leaves are green with intense coloring. In the other hand, the GT1 clone is a primary clone developed in the rubber tree plantation called Gondang Tapen, in Java, Indonesia. The canopy opening is very late and it has a variable habit. The leaves, during the immaturity period, are big, darkgreen and bright, and are smaller when they reach the maturity period. According to the environmental data exposed above, it is possible to observe that the only environmental heterogeneity among the studied stands is the insolation difference. The stand located near Northwest (clone PB235) is exposed to the sun in two faces, and its plantation lines, which are closer to the west, receive full lighting in the afternoon. Therefore, the stand of the GT1 clone, central, is environmentally closer to the Southeast stand of the PB235 clone. In order to distinguish the stands of the PB235 clone, the qualifications PB235-NW and PB235-SE were applied during this work.
ProSpecTIR-VS hyperspectral sensor and processing
The ProSpecTIR-VS sensor works using two imaging subsystems: one is in the Visible/Near infra-red region -VIS/NIR (400-990nm), and the other is located in the Shortwaves infra-red region -SWIR (970 a 2,500nm), called Eagle and Hawk, respectively. This sensor, when operating in Brazil, was placed on board of SPECTIR/FOTOTERRA company's airplane. The images obtained for this research presents 357 channels, with about 5nm each, distributed along the VIS/NIR (125) and SWIR (238) The reflectance images were georeferenced from their respective GLT (Geographic Lookup Table) files. Polygons were generated over the images obtained on both dates (May 14 th and June 17 th ) from the three rubber plantations' stands: PB235-NW, GT1 e PB235-SE. Spectral libraries were created using the average behaviour of each stand for each studied date.
ASD FieldSpec-3 Hi-Res spectrometer and processing
The ASD FieldSpec-3 Hi-Res spectrometer detects electromagnetic radiation during the spectral interval from 350 to 2,500nm, and has high resolution (1,250 channels), of which 500 channels in the range from 350 to 1,000nm with a 1.4nm sampling interval and 750 channels that cover the range from 1,000 to 2,500nm, with a 2.0nm sampling interval. For the collection of the photosynthetically active leaves, one individual was selected for each plantation line and, randomly, the leaves which occupied the canopy were collected. At the research laboratory unit, we measured five leaves/tree, of which the averages spectra were extracted. This process was done one year after the images were obtained, in May 18 th and June 17 th , 2011. The average spectra for each stand and month were resampled for the 357 bands of the ProSpecTIR-VS airborne sensor. The spectral behaviour of the targets at canopy and leaf level for May and June were compared to some spectral data generated by specialists, such as Barret (1999) and Blackburn (2007) . In order to enhance the spectral differences between the clones and the stands, considering the sun exposure heterogeneity, ratios were applied between spectra.
RESULTS AND DISCUSSION
Visible -VIS (400-700nm)
The spectral variations in both work scales show that, between 600 and 700nm, the GT1 clone presented the greatest losses of a and b chlorophylls, from May to June (Figures 2 and 3) . The spectra present significant differences, mainly in this region, once in the GT1 clone canopy, in June. In this moment the GT1 clone shows ubiquitous presence of reddish leaves with advanced senescence, highlighting the response of the carotenes with the approach of winter. Even so in different shading conditions, in leaf scale and in this spectral region, it is possible to observe a similarity between the stands of same clone, PB235-NW and PB235-SE (Figure 3) . Around 550nm, when the anthocyanin absorption peak happens, the increase of reflectance was observed for all the three stands, exceeding for the PB235-NW stand in canopy scale (Figures 6 and 7) . It is interesting to observe that this fact happened for both anthocyanin and chlorophylls and only for this stand, and in this specific scale. This spectral behaviour indicates a close relation between these compounds, what is also observed by Blackburn (2007) As it is observed in the spectral regions already presented, for the stands of the same clone, it is visible a pattern in the spectral behaviour that is different from that for GT1 clone. The ratios among the spectra of the three stands indicated in the region VIS (400-700nm) a pattern for the stands of the PB235 clone, which differs from that for the GT1 clone (Figure 8 and 9). That demonstrates that, regardless of the environmental conditions and the period of data collection, in this spectral region, the genetic is highlighted as the origin of spectral differences. Clearly, there is a behaviour pattern among the ratios GT1/PB235-SE and GT1/PB235-NW that differs from that found among clones PB235. This behaviour is close to opposite around 550 nm, in the May data, in leaf and canopy scales. This also happens in leaf scale around 650 nm and is particularly significant in June data. 
Near Infra-red -NIR (700-1,300nm)
The evolution over time of the reflectance between the clones indicates, in contrast to VIS, a relation that is less associated with genetics than with environmental factors, restricted here to the sun exposure differences (Figure 10 and 11). The major reflectance values for the PB235-NW in both studied periods suggest a greater cutinization of the leaves and bigger thickness of their parenchyma (Jensen, 2009) One of the lignin and protein absorption peak happens around 800nm. In this region, it was possible to observe that even though GT1 presents the greatest index of these compounds, mainly in June, the variation over the time showed a similarity of the shaded stands GT1 and PB235-SE (Figures 12 and 13) . "Shade leaves" are thinnest and present smallest foliar area, if compared to "Sun leaves" (Fitter & Hay, 2002) . Those factors reduce the gaseous spaces in the interior of the leaf, evidencing the response from the structural compounds, as lignin.
Figura 12. Spectral behaviour in canopy scale, for May and June, in the region of 800nm of Rubber trees stands: GT1, PB235-SE and PB235-NW Figura 13. Spectral behaviour in leaf scale, for May and June, in the region of 800nm of the Rubber trees stands: GT1, PB235-SE and PB235-NW As observed in Figure 14 , for the May data the spectral behaviour is unclear. As for June data, when the late autumn is more characteristic, the environmental similarity is imposed against the genetics. In the scale leaf ( Figure 15 ) the environmental importance is more evident and happens indiscriminately in May and June. Figure 14 . Ratios among spectra of the Rubber trees stands (GT1, PB235-SE and PB235-NW) from 740 to 1,300nm for May and June, in canopy scale Figure 15 . Ratios among spectra of the Rubber trees stands (GT1, PB235-SE and PB235-NW) from 740 to 1,300nm for May and June, in leaf scale 3.3 Shortwave Infra-red -SWIR (1,400 a 2,500nm)
A cellulose absorption peak happens around 1,420nm. The data from this spectral region were obtained only in the leaf scale, once there is coincidence with the radiation absorption by the atmospheric water. It was noted that GT1 clone presents the greatest index of this compound, exceeding for May in leaf scale, when the reflectance values of the PB235-SE stands are a little lower (Figure 16 ). The low variation of the reflectance values of the PB235-SE stand may be explained by the fact that, as it's the most shaded stand, over the time the lighting intensity decrease is not able to stimulate the plasticity of thickness reduction of their leaves. Thus, as mentioned before, there is no evidence of the structural compounds by the reduction of the intercellular gaseous space, between the studied months. Figure 16 . Spectral behaviour in leaf scale in the region 1,420nm of the Rubber trees stands: GT1, PB235-SE and PB235-NW A more isolated absorption peak of the foliar starch, that happens around 2,220nm, indicated in May the lowest reflectance values for the most shaded stands (GT1 and PB235-SE). In June, even though GT1 presented the lowest values also on both scales, the PB235-NW presents, in canopy scale, the lowest values if compared to the PB235-SE. The PB235-SE was the only one to present the reduction of this compound on both scales. Although, in general terms, this compound is reserved to be consumed in stressful conditions, presenting seasonal variations and its reserve, other factors are also determinant to this compound concentration in the leaves, such as the leaf position on the branch (Dantas et al., 2007) and the period of the day (Taiz & Zeiger, 2002) . These interferences happen in a less significant way in the canopy scale, because of the leaves distribution and proximity to the imaging time (2pm and 4pm respectively). For this data, the variation analysis for the studied dates is simpler to read: for the leaves from the most shaded stands, where the lighting deficit is worse, it is noticed a decrease of starch concentration from May to June, indicating a greater consumption of its sugar reserves. The SWIR was the spectral region which presented the greatest differences between the data collection dates (Figures 19 and   20 ). Analysing the ratios between the studied stands, in May the GT1 and PB235-SE were spectrally more similar, indicating differences from the PB235-NW one. In June, with the approach of winter, both PB235 stands started presenting similar patterns but different from the GT1. This point was found incontestable for the behaviours in leaf scale, as presented in the Figure 20 .
Figura 19. Ratios among spectra of the Rubber trees stands (GT1, PB235-SE and PB235-NW) from 1,300 to 2,500nm, for
May and June, in canopy scale
Figura 20. Ratios among spectra of the Rubber trees stands (GT1, PB235-SE and PB235-NW) from 1,300 to 2,500nm, for May and June, in leaf scale
CONCLUSION
It was possible to demonstrate the possibility of discriminating different clone of Hevea brasiliensis using the hyperspectral remote sensing, by comparing the responses of two different moments of autumn. The tool was also demonstrated to be efficient at the detection of small environmental variations. Both canopy and leaf scales had not always similar results, mainly in the SWIR. For the VIS region, mainly in June, the spectra indicate a genetic similarity regardless of the sun expose conditions. The greatest loss of a and b chlorophylls suffered by GT1 clone is the main point on the clones distinction. The measures at NIR made in June, as indicators of environmental variations were noticeable and very similar in both scales. At the SWIR, it is enhanced the influence of the morphological differentiation because of the sun exposure intensity. For the stand most exposed to the sun, the parenchyma cells are more present and better developed. That explains the NIR and the SWIR behaviour by the presence of bigger intercellular gaseous space in the leaves, and at the same time, by the lower water contents considering the greater evapotranspiration of those leaves.
The variability among the results on both leaf and canopy scales may have suffered influences by the fact that the last one comprises leaves with several levels of sun exposure and nonleaf vegetable material.
